Introduction
Surface of the textile fiber plays an important role for the fabric characteristics such as the water and oil repellency, soil resistance, fabric hand and luster. Water repellency is one of the most practical textile property, and also it has been investigated that the water repellency of the textile fabric treated with fluorocarbon resin decreased by the washing and recovered by the subsequent heat treatment remarkably 1) .
The effect has been explained by the following consideration; 1) rotation of the fluoroalkyl group of the fluorocarbon resin from surface to inside of the fiber by the washing to adapt to the hydrophilic circumstance, 2) deposition of the water which bonded or clustered on the fiber surface by the washing and release of the water by subsequent heat treatment, 3) disturbance of orientation of the fluoroalkyl groups of the resin by washing and recovery after the heat treatment. Above explanation is all speculation. † Corresponding author: Muncheul Lee (leemc@pusan.ac.kr) Tel.: +82-51-510-2408 Fax.: +82-51-512-8175
Detail of the phenomenon is not clear at present [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Fluorocarbon water repellent agents contain perfluoroalkyl group (CF3(CF2)n-) in its molecular structure, and it shows water and oil repellency coincidently, for it has low surface energy, and have been used a lot as the water resistant agent. While fluorochemicals fulfill water and oil repellent requirements, some have expressed concerns about the persistence and widespread presence in the environment of some of them.
PFOS (perfluorooctane sulfonates) and longer chain
PFCAs (perfluorocarboxylic acid with more numbers of carbons than PFOA) are thought to bioaccumilate. heat treated varying the washing cycles and the temperature. After the processing, the water and oil repellencies, and contact angle to water were evaluated. The water and oil repellencies decreased by the washing and recovered by following heat treatment. Also ESCA measurement was carried out to investigate the surface chemical composition of the treated fiber. The F1s intensity of the treated fabric decreased by the washing and recovered by the subsequent heat treatment. On the other hand, the O1s intensity increased by the washing and decreased by following heat treatment. From the results, it is clear that change of the water and oil repellencies of the silk fabric treated with fluorocarbon resin occurred by the washing and subsequent heat treatment. Considering a change of the water repellency of the silk fabric treated with fluorocarbon resin, it seems likely that the fluoroalkyl group of the fluorocarbon resin rotates from surface to inside of the fiber by the washing to adapt to the hydrophilic circumstance, and the orientation of the fluoroalkyl groups of the resin disturbed by the washing recovers the orientation to the fiber surface after the subsequent heat treatment. 2) and of the fluorocarbon resin 8) . The water and oil repellencies increased by the treatment considerably.
Keywords
The contact angle, critical surface tension and ESCA analysis were measured in relation to the water repellency during the washing and subsequent heat treatment.
The water repellency decreased by the washing and recovered considerably by the heat treatment. The behavior was considered on the basis of the critical surface tension by the Zisman plots and the extended Fowkes equation 8, 9) , and by the ESCA analysis 4) .
To improve the water and oil repellency, especially oil repellency, fluorocarbon resin has been used in silk fabric, especially silk neck-tie. 
Water and Oil repellency treatment
The fabrics were padded with 1 dip-1 nip in aqueous 
Washing durability and heat treatment
To measure water and oil repellency, the treated To evaluate humidity resistibility contact angle was measured using contact angle meter (Contact angle meter.
ESCA analysis
ERMA INC. G-1). 10 m of distilled water was fallen μ from the syringe onto the silk fabric treated with resins, and the evaluation was done after 1 min.
Oil repellency test
Oil repellency test was carried out using the liquids shown in Table 1 approximately on the basis of the AATCC-118 method 11) .
Beginning with the lowest-numbered test liquid, care- We suppose that a little water molecules were bonded on the fabric surface by the washing and leads to a decrease of the water repellency, and the water was released from the surface by the heat treatment. As a result, water repellency was partly recovered. The more laundry was carried out, the worse the water repellency was obtained. Water repellency increased gradually by the subsequent heat treatment for both resins. Table 3 shows contact angle of the silk fabric treated with resins during washing and heat treatment. The contact angle obviously decreased by washing and recovered by subsequent heat treatment.
Results and Discussion

Water repellency
Oil repellency
In order to obtain a soil resistance, it is necessary to improve not only the water repellency but also the oil repellency. For that purpose, fluorocarbon resin has been used widely in the textile finishing. Table 4 shows the oil repellency of the silk fabrics treated with AG-7005 and AG-E061.
The effect of the treatment is almost the same as that of the water repellency.
Although the oil repellency obtained by the treatment decreased greatly by the washing and recovered with an increase of the heat treatment, it seems that effect of the washing and subsequent heat treatment on the oil repellency of the fabric is much more greater comparing with that of the water repellency.
ESCA analysis
So as to determine the relative intensity of the C1s, O1s, N1s and F1s, ESCA analysis was carried out.
It is expected that change of the surface behavior during washing and following heat processing of the Table 6 . Relative chemical composition of silk fabric treated with AG-E061 resin during washing and heat treatment of the resin disturbed by the washing recovers after subsequent heat treatment.
As the result, water and oil repellency are recovered. 
Conclusions
